The ability to initiate stem elongation at the early growth stages of a plant is the major survival mechanism of floating rice in the presence of flooding. We previously identified two quantitative trait loci (QTLs) for this "early elongation ability" on chromosomes 3 and 12 using a Patnai23 (a non-floating cultivar) × Goai (a floating cultivar) F 2 population. The objectives of the present study were: (1) to identify QTLs for early elongation ability in the cross Habiganj Aman VIII (a floating cultivar) × Patnai23, and (2) to confirm the results obtained in our previous diallel analysis indicating that Habiganj Aman VIII might harbour additional gene(s) for early elongation ability compared with Goai. The genotype of a total of 192 F 2 plants was investigated using 85 (9 RFLP and 76 SSR) markers and the plants were assessed for early elongation ability. We scaled early elongation ability based on the position of the lowermost internode that exhibited elongation ("lowest elongated internode", LEI), since the LEI position parallels the time of the onset of stem elongation. As a result, a large QTL detected on chromosome 12 seemed to be common to the two crosses. A small QTL detected on chromosome 1 was unique to the Habiganj Aman VIII × Patnai23 cross, which was consistent with the results obtained in our previous diallel analysis. No QTLs were found on chromosome 3 in this cross. These results suggested that (1) the QTL on chromosome 12 might be the most important one for the expression of early elongation ability in terms of the to percentage of phenotypic variation and consistency in different backgrounds, and (2) diallel analysis might be an effective method for examining differences in genetic control among diverse parents.
Introduction
Floating rice has been the most important crop in the flood plains of South and Southeast Asia, where water may rise to a height of more than 1 m during the wet season. It characteristically exhibits a remarkable stem elongation in rising water, which is the major survival mechanism in the presence of flooding (Catling 1992) . This capacity of stem elongation is mainly ascribed to the early onset of stem elongation. In most rice cultivars, stem elongation starts two months or more after germination, whereas stem elongation might start as early as one month after germination in floating rice cultivars (Takahashi 1988) . This ability of floating rice cultivars to start stem elongation at the earlier growth stages is referred to as "early elongation ability" (Mazaredo and Vergara 1979) .
Previous morphological studies have indicated the following mechanism for the early elongation ability of floating rice. Rice (whether floating or non-floating) stem elongation is determined by the "intercalary meristem" (Kende et al. 1998) , which becomes differentiated at a definite stage of plant development, regardless of the water conditions (Takahashi 1988) . Generally, in rice, submergence only promotes cell division and cell elongation in the pre-existing intercalary meristem (Kende et al. 1998 , Takahashi 1988 . Young plants before the stage of intercalary meristem differentiation lack the capacity to respond to water. In floating rice, the intercalary meristem becomes differentiated much earlier than in non-floating rice varieties, which enables floating rice to respond to deep water submergence by vigorous elongation, even at early stages of plant development (Catling 1992 , Inoue et al. 1985 , Takahashi 1988 .
To date, several studies have been conducted on the inheritance of early elongation ability (Tripathi and Rao 1985 , Suge 1988 , Eiguchi et al. 1993 . In these studies, the results differed from cross to cross, presumably because floating rice is characterized by a variety of phylogenetic backgrounds (Glaszmann 1987) . We previously identified two quantitative trait loci (QTLs) that control the early elongation ability on chromosomes 3 and 12 in an F 2 population derived from a Patnai23 (a non-floating cultivar) × Goai (a floating cultivar) cross (Nemoto et al. 2004) . However, it remained to be determined which QTLs were involved in the different groups of floating rice. Although Kawano et al. (2004) reported similar results using a Taichung65 (a nonfloating cultivar) × Bhadua (a floating cultivar) cross, this agreement is not surprising because Goai and Bhadua are closely related to one another and they belong to the same group based on isozyme classification (Glaszmann 1987) . In fact, we previously performed a diallel analysis of the early elongation ability using four distantly related floating parents (Goai, Habiganj Aman VIII, Badal106 and Oryza rufipogon strain W120) and two non-floating parents (Latisail and Patnai23), and showed that some additional recessive allele(s) might confer the earlier elongation of Habiganj Aman VIII compared with Goai (Nemoto et al. 2004) .
The objective of the present study was to identify QTLs for the early elongation ability of Habiganj Aman VIII to confirm the results obtained in our previous diallel analysis. In the present study, an F 2 population derived from the cross Habiganj Aman VIII × Patnai23 was assessed for early elongation ability, and the resultant QTLs were compared with those detected in the Patnai23 × Goai cross.
Materials and Methods

Plant materials
From the cross Habiganj Aman VIII × Patnai23, an F 2 population consisting of 192 plants was generated. Habiganj Aman VIII, which is one of the cultivars with the highest elongation ability in Bangladesh, originates from pure line selection of the landrace, Lal Aman. Rice germplasm has been best classified into six isozyme groups (Glaszmann 1987) . Most of the floating rice cultivars belong to "group 1" (indica) or "group 3" (an intermediate group between indica and japonica, but closer to indica, including Goai). According to our data on marker isozyme polymorphism, Habiganj Aman VIII is apparently a member of "group 4" (an intermediate group between indica and japonica, but closer to japonica (data not shown)). The non-floating parent, Patnai23, is a traditional tall indica cultivar from India.
Phenotypic evaluation
Early elongation ability was evaluated in the F 2 population and parents (30 plants of each) in a greenhouse located at the University of Tokyo during the summer (JuneSeptember) of 2000, as described in the report of Nemoto et al. (2004) . Seeds were sown in plastic pots filled with 0.5 L clay soil containing 0.1 g each of N, P 2 O 5 and K 2 O, at the rate of one seed per pot. When the seedlings were two-weekold, water was added to increase the depth by 3 cm every other day. This began from the soil level in the pots to a final depth of 20 cm, which was maintained. Early elongation ability was scaled based on the position of the lowermost internode that exhibited elongation (the "lowest elongated internode", LEI) (Inoue et al. 1985) . Because the development of successive internodes (including intercalary meristem differentiation and the corresponding stem elongation) is sequential in rice (Nemoto et al. 1995) , the LEI position parallels the growth stage of the plant at which the intercalary meristem becomes differentiated. The lowest internode which is longer than 5 mm has been referred to as the LEI (Inoue et al. 1985) .
Genotype investigation
For the investigation of the genotype, the DNA of the F 2 plants was extracted from fresh leaf tissues using the benzyl chloride method (Zhu et al. 1993) . For the restriction fragment length polymorphism (RFLP) analysis, the Enhanced Chemiluminescent (ECL) direct nucleic acid labeling and detection kit (Amersham Pharmacia Biotech, UK) was used. Polymerase chain reaction (PCR) amplifications for simple sequence repeat (SSR) markers (Chen et al. 1997 , McCouch et al. 2002 were undertaken, as described in the RGP homepage (http://rgp.dna.affrc.go.jp) and in the report of Chen et al. (1997) . The amplified products of the mapping population were separated on 3% agarose gel in 0.5 × TBE buffer.
Data analysis
The program MAPMAKER/EXP ver. 3.0 (Lander et al. 1987 ) was used to construct a linkage map. MAPMAKER/ QTL ver. 1.1 (Lincoln et al. 1992 ) and QTL Cartographer (Wang et al. 2001 (Wang et al. -2003 were used to identify QTLs for early elongation ability via simple interval mapping (SIM) and composite interval mapping (CIM), respectively. Since SIM and CIM yielded essentially the same results, only the results of CIM will be shown. The threshold LOD value was determined with 1000 permutations (P < 0.05) and the resultant LOD threshold value was 3.6. For comparison, we reanalyzed the data from the Patnai × Goai cross (Nemoto et al. 2004 ) using CIM with a LOD threshold determined by the permutations (LOD = 3.9, P < 0.05).
Results and Discussion
Trait variation
In all the parents and F 2 plants, stem elongation started by early September. During this period, all the plants remained in the vegetative phase due to their high photoperiod sensitivity. This eliminated any possibility that stem elongation was induced by floral initiation. In the floating parent, Habiganj Aman VIII, the LEI position corresponded predominantly to seven (i.e., the lower six internodes, which were developed at the seedling stages, were compressed without intercalary meristem). The LEI position corresponded predominantly to 11 (i.e., the lower 10 internodes were compressed without intercalary meristem) in the nonfloating parent, Patnai23. The frequency distribution of the LEI position in the F 2 population was continuous and almost within the range of the parental values (Fig. 1) . The broadsense heritability was 0.80.
Map construction
We mapped 85 markers (9 RFLP and 76 SSR markers), which formed 13 linkage groups (chromosome 5 was divided into two groups due to a large gap). Chromosome 9 was found to be remarkably monomorphic. The linkage map spanned over 1474 cM, with an average marker distance of 20.2 cM (Fig. 2) . Of the 85 markers, 15 (18%) showed significant deviations from expected segregation ratios based on the chi-square test (0.05). Among the 15 markers, 12 showed an excess of the Patnai23 homozygote.
QTL analysis
We detected two QTLs for LEI position on chromosomes 1 and 12 ( Fig. 2 and Table 1 ). At both QTLs, the allele of the floating parent, Habiganj Aman VIII, conferred an early elongation (i.e., a lower LEI position). We previously identified two QTLs for early elongation ability using the Patnai23 × Goai cross. Of the two QTLs detected in the present study, the larger one on chromosome 12 was considered to be identical with the QTL (LOD = 15.7) present on the same chromosome as that in the Patnai23 × Goai cross (Fig. 2) . In the cross Habiganj Aman VIII × Patnai23, this QTL accounted for 41% of the total phenotypic variation (PVE), compared with 27% in the Patnai23 × Goai cross. Because the broad-sense heritability for the LEI position was 0.80, this QTL accounted for 51% of the genetic variation. The higher PVE value in the Habiganj Aman VIII × Patnai23 cross might be due to the larger additive effect of the Habiganj Aman VIII allele (−0.87 node), compared with the −0.53 node of the Goai allele. The smaller QTL (PVE = 9%) detected on chromosome 1 was unique to the Habiganj Aman VIII × Patnai23 cross. In the Patnai23 × Goai cross, a QTL (LOD = 7.3) was detected on chromosome 3. However, no comparable LOD peaks (including those below the significance level) were detected in the Habiganj Aman VIII × Patnai23 cross.
We previously carried out a diallel analysis of the early elongation ability using four floating (Goai, Habiganj Aman VIII, Badal106 and Oryza rufipogon strain W120) and two non-floating (Latisail and Patnai23) parents (Nemoto et al. 2004 ). This study suggested that some additional recessive allele(s) might confer the lower LEI position of Habiganj Aman VIII compared with Goai. This is consistent with our present results indicating that Habiganj Aman VIII carried an additional QTL on chromosome 1. Moreover, in the two QTLs detected in Habiganj Aman VIII, the value of the dominance effect/|additive effect| ratio was higher than that in Goai (Table 2) . These results clearly illustrated that a diallel approach (in particular, the Vr-Wr graph analysis) might be an effective methods for analysing differences in the genetic control between parents, which may contribute to the selection of parents for subsequent QTL analyses.
In conclusion, the genotype of the three parents (Goai, Habiganj Aman VIII and Patnai23) for early elongation ability is depicted in Table 2 . Of these QTLs, the QTL on chromosome 12 might be the most important one for the expression of early elongation ability when the percentage of genotypic variation and consistency in different backgrounds are considered. There are two possible explanations for the conservation of this QTL in distantly related floating cultivars. First, this QTL regulates the key step in the developmental control of intercalary meristem differentiation. Alternatively, the floating habit in the "japonica-type" floating group is due to introgression from indica-type floating varieties. 2) Degree of dominance = Dominance effect/|Additive effect|.
